Abstract
Introduction
Government Health departments have been spending the last few years grappling with the standardization of the Electronic Health Record and how best to leverage the Internet [1, 2, 3] . Healthcare institutions have also begun investigating mobile computing. Organizations in general have been slow in adopting mobile technology as part of their IT strategy [4] .
While the Electronic Health record and medical web portal initiatives are being investigated, Healthcare professionals have sprinted on ahead and purchased mobile devices such as personal digital assistants (PDAs), with associated medical applications, on their own [5] .
Not only are they researching and purchasing the applications on their own, some Healthcare professionals have begun developing the applications themselves. The trend of using mobile devices for individual use is not only evident in the health industry. Sales figures of PDAs in 2002 shipped worldwide from the US is estimated to approach 15.5
Research Method
The research in the area of mobile information systems is limited [19] and thus the current research is of an exploratory nature. Data from a number of PDA forums was collected. Each of the postings selected was analysed and classified. Data was collected during the period April 2002 to March 2003. Each of the following PDA forums was inspected. Table  1 Each of the postings during the inspection period was first evaluated in terms of the subject of the posting. Subjects of postings that referred to PDA use were more closely evaluated. Using content analysis [20] as the methodology, the selected postings were analysed. A theme that emerged from these postings was -the Development of software by the Healthcare professional and the acceptance of that software by other Healthcare professionals.
Diffusion of IT
The theory of the diffusion of innovation is a popular theory for gaining an understanding of the implementation of IT and consists of a considerable body of literature [21, 22, 23] . The diffusion process is defined as "the process by which an innovation is communicated through certain channels over time among the members of a social system" [24] . The definition describes diffusion as a process of communication and influence with four main elements [24] : the innovation, communication channels, time and the social system within which the adoption takes place. The diffusion process consists of an adoption stage and an implementation stage with sub stages for the adoption stage of knowledge acquisition, persuasion and learning and lastly decision [22 as adapted from 25).
The traditional diffusion theory mainly studied adoption from an individual adoption level, but the theory has been extended to include the diffusion of innovation within organisations [21, 24, 23] . Furthermore, IT implementation stages have been included into DOI theory to explain the diffusion of IT within organisations [26, 27] . Some studies reflected on the diffusion process on inter-organisational IT systems (for example: [28] ). Other studies reflected on the adoption of IT on an industry level (for example: [29] , [30] ), and others studied the diffusion of IT on a national level (for example: [31] .
The research in the diffusion of innovation within an industry has identified a number of characteristics. Rapid diffusion of new innovations will take place in industries where the degree of professionalisation is high [29] . The premise is that the individual will identify with both the organisation they are working for and the profession they are in. The individual will receive the information about the new innovation from outside the organisation [32] . An organisation will be more likely to adopt an innovation if they have professionals who indicate that the innovation will satisfy a need within the organisation [33] . The assertion is thus that the individual will make the decision about the appropriateness for the technology which will influence the organisation in adopting such a new technology.
A further aspect that influences the rate of diffusion of innovation is the characteristics of the communication within an industry [29] . The openness of communication within an industry will positively affect the rate at which clear information about a new innovation will flow. Aspects that can be measured are trade journals, industry meetings and the use of new technology such as the Internet and news groups.
Although some characteristics of the influence of a profession and the effect it has on diffusion has been studied [29] , there does not appear to be any study applying DOI theory to explain the individual adoption of IT and then diffusion within the profession of the adopter. Furthermore, a study of the Healthcare professional's decisions to accept telemedicine technology suggested instruments or theories used in business settings may not be valid in professional settings. They applied the Technology Acceptance Model and the Theory of Planned Behaviour in their study [34] . Fichman [21] further warns against using the DOI theory without tailoring the theory to the context within which it is taking place. Lyytinen and Damsgaard [23] further criticise the use of DOI theory for not being able to describe the adoption of complex and networked IT.
Our application of the DOI theory therefore takes into account Fichman's [21] warning about not considering the context in which the IT diffusion is taking place and explores whether there are differences or a lack of applicability of DOI to IT diffusion in a professional setting.
Healthcare Professionals use of Information Systems

Traditional Static Information Systems
One of the difficulties with the implementation of Clinical Information Systems in the past has been the reluctance of Healthcare professionals, particularly doctors, to use them. Part of this resistance according to Amatayakul is because "there is little direct payback for them at the point of care". However, when additional features are added such as alerts for potential drug conflict when a prescription is ordered, it helps doctors to see the benefits, according to Amatayakul (cited in [35] ).
Part of the attraction of mobile devices as compared to static computer devices is that they are immediately accessible at the point-of-care and therefore potentially have a direct impact on the delivery and streamlining of services for Healthcare professionals.
The results of a study by Wilson and Howcroft [36] suggest that another reason for this resistance is that Healthcare professionals "associate information systems and information technology to effectiveness and control, which is perceived as being in conflict to the traditional values of Healthcare: care and humanity" (cited in [37] ).
Traditional, static implementations of Clinical Information Systems have been driven by the hospital administration in an attempt to reduce patient stay, reduce re-admission rates, and increase the accommodation of outpatients [35] . Mobile clinical applications on the other hand have been driven by the early adopters themselves in an attempt to streamline their own individual work practices.
Tarde, a French sociologist of the 19 th century, considers invention as the essential condition of change. In his general theory of change, social change only occurs when large numbers of people imitate the invention. It is the first imitators not the inventors that are central to his theory (cited in [38] ). Sundbo [38] sees Rogers [39] as an orthodox Tardean in his main work but Rogers uses the term "early adopters" rather than "imitators" [38, 39] . The key to the greater adoption of IT and Information Systems in the health industry might be the early adopters of mobile technology rather than by a push from Hospital Administration.
Mobile Information Systems
In 2001 the number of Healthcare professionals using handheld devices such as the Palm Pilot in their day-to-day tasks in the US and Canada was around 20% [40, 41] . In the Canadian Medical Association (CMA) 2002 survey this had increased to 28% [42] . This increase in usage is likely to continue over the next few years. The CMA 2002 survey found that physicians under the age of 35 were most likely (44%) to have used a PDA in their day to day tasks [42] . The 2002 CMA Physician Resource Questionnaire (PRQ) survey was mailed to a random sample of 7693 Canadian doctors with a response rate of 38% [43] .
There are several internet forums for Healthcare professionals to raise questions and discuss their experiences with the use of PDAs. Examples of these forums are the http://www.rnpalm.com, http://www.pdamd.com, http://www.medicalpocketpc.com forums and the Wireless Medical Applications discussion group http://groups.yahoo.com/group/wirelessmedicalapplications/. From an analysis of the forums it is clear that the most common use of the PDA device is for personal time scheduling and accessing Drug information or other medical databases.
As Schou [5] says the early adopters begin by using the PDAs for scheduling and looking up databases for drug interactions. However as both the individual and hospital IT capability increases the usage moves on to applications for patient identification and tracking, medication ordering and viewing lab results. The trend is thus an individual user will adopt the mobile technology, which will then influence the Healthcare organisation to adopt the mobile technology. Figure 1 shows this progression of sophistication (following the methodology used by Timmers [44] and adapted the PDA Medical Software categories as outlined by La Tella [45] 
PDA Medical Applications Developed by HealthCare Professionals
Applications Developed by Physicians
Software developed by physicians for PDA devices range from freeware products, to products under $500 to products which were originally developed by a Healthcare professional or medical student and have now been commercialized and sold through companies founded by the original developer and IT collaborators. Some companies have set up partnerships with Healthcare professionals to produce standalone medical applications for PDA devices. HanDBase is one example [47] . 
Applications Developed by Nurses
Jeneane Brian, a Nurse Executive and CEO of VNA Home Health Systems developed a handheld based clinical documentation system which is used by 250 clinicians at VNAHHS. Her innovative approach was recognized by RNPalm when she was the recipient of the Mobile RN Award in July 2001 [48] . Visiting nurses at the VNAHHS were spending up to 50% of their time filling out reports and completing administrative tasks and Jeneane felt frustration with the escalating mountain of paperwork. So she decided to look for ways to reduce this paperwork load and felt that handheld computing would be ideally suited to the needs of homecare. However like many pioneers before her, she discovered that the tools she needed to help lighten the nurses' administrative load did not exist. Jeneane decided to create a custom Palm OS software solution for homecare nursing herself.
She developed FreeForms™ using Pendragon software and VNAHHS have found that they have reduced the paperwork burden for nurses by 50% and a 5 fold decrease in reporting turnaround time [48] .
Spiros Kontos was also a recipient of the Mobile RN award from RNPalm in July 2001. He developed three Palm OS medical applications for nurses. Doser 4.0 which calculates drug doses based on weight, PICU 3.0 which calculates various drugs that are most commonly used in a pediatric I.C.U and RSI 1.0 ( Rapid Sequence Intubation) which is a program that Spiros developed for Medflight of Ohio. All of these products are freeware [49] .
Analysis of the Mobile Diffusion Process
A study by Anderson and Jay [46] found a "centre-periphery pattern of diffusion of new ideas and technology among physicians similar to the pattern observed among groups of scientists and other professionals". They found that a small group of "opinion leaders" were a major influence on other physicians in the adoption of Clinical Information Systems.
Anderson [12] also notes that when trying to modify the drug prescribing behaviour of physicians the literature on educational interventions found that "sustained change in practice patterns occurred only when information was provided to physicians by other physicians". This suggests that the influence of peers on the adoption of IT by Healthcare professionals may be a strong factor. On the other hand, Chau and Hu [34] found that "subjective norms appeared to have no significant effects on behavioural intention" and physicians decided individually whether to accept the technology and "placed less weight on others' opinions".
In analysing the PDA forums it appears there is support for Anderson and Jay [46] "opinion leader" model and that physicians will listen to other physicians whom they respect. It also supports the importance of professionalisation in influencing the speed of adoption of new innovations [29] . The number of physicians who are using software developed by other physicians further supports the "opinion leader" model. They seem to "trust" and accept the "physician developed" software more readily.
The great success of the PatientKeeper software is also testimony to this factor. It was developed originally by a medical student -Dr Maulin Shah (although he did have a computer science background) and is now used by over 40 The pdaMD forum community shows great respect for the creator of the software in question (Psydonymn for the creator CC and for the software PDAsoftware) as shown in the following thread on www.pdaMD.com and indicates a negative sentiment towards the organization that supports the software (The message posted on the forum has been amended to show the pseudonyms, but have been left unaltered in other respects). The e-mail was followed by another e-mail from another physician identifying the fact that the software was developed by a doctor for use by doctors and that when it was taken over by a software company the quality of the software diminished. The above thread also shows the value of discussion forums in providing a sense of "community" to healthcare professional product users.
Robertson and Gatignon [29] propose that "signal frequency and clarity" which they define as "announcing" intentions for a new innovation and the truthfulness of those "signalling" also influences the speed and level of adoption. Those industries with "open communication and lack of ambiguity" are more likely to adopt a new innovation than those with closed communication. The health industry is well known for its openness in information sharing.
The trend identified seems to indicate that the health care professionals through individual use of mobile technology develop their own applications and thus become innovators in technology. These innovators then use their profession to diffuse the technology to other Healthcare individuals. The pattern identified here seems to follow classical diffusion theory with the exception of the innovators of the new applications. The innovators of the new applications in this case are end users developing their own applications. These applications then become marketable software applications, which are diffused through the professional channels.
It is interesting to observe, however, the product lifecycle of PocketChart™ which was developed by Thomas Giannulli, MD in 1995 and then sold to Data Critical Corp in 1999 (which was purchased by GE two years later). In February 2003, Thomas Giannulli and his new company, CareTools purchased the software back from GE [50] . The following thread in the pdaMD forum shows their reaction to this announcement. The question now is how the diffusion process will proceed within health care organisations and specifically how Healthcare organisations will manage the adoption process.
Conclusions
The above analysis reveals that Healthcare professionals have been able to use mobile technology to innovate and develop applications for themselves as individuals. These applications are being diffused through their profession to other individuals. The trend of diffusion follows the predictions outlined by Robertson and Gatignon [29] which indicate that professionalisation and open communication channels will speed up the adoption of an innovation. The figures for the use of mobile technology indicate that the diffusion is at an early stage. Further studies are necessary to determine the effect the adoption of mobile technology by individual Healthcare professionals will have on adoption of these technologies by Healthcare organisations. The role the innovators will play in this adoption process also warrants some further investigation. If the trend is followed as identified by Scheepers [51] then these innovators will play a major role in identifying the technology and the need for the technology in the organisation. But other role players are necessary to ensure that the technology diffuses throughout the organisation.
The important characteristic of mobile technology is that it has been developed for individual use and does not require any organisational support. There are however a number of infrastructure challenges that Healthcare organisations will have to address if they adopt mobile technologies [4] . The use and development of mobile technology in the Healthcare industry indicates that the traditional IT departments do not play a significant role. A similar trend was identified in the implementation of intranet technology [51] .
Mobile technologies have a large range of application environments. Fruitful areas of further research include studying the challenges in implementing mobile applications in the Healthcare sector. Identifying the key role players in implementing mobile computing applications and reflecting on the diffusion process at a later stage to determine whether the dissemination of mobile technology follow the traditional theory of diffusion. 
